This study proposed a comprehensive evaluation method for rice husk combustion in rural areas. The evaluation was considered with the aspects of economic value of energy as conventional evaluation criterion, environmental impact, and economic value of rice husk charcoal in the recycling system. Inventory analysis was conducted to estimate material and energy flow for inputs and outputs of a rice husk burner (Kaneko Agricultural Machinery Co. Ltd. Saitama, Japan). Inventory data was collected for the combustion experiment using the rice husk burner. Results revealed that 14.4 kg-fuel/h of rice husk supply was the highest value of overall evaluation, because of producing valuable rice husk charcoal as by-product and small quantity of harmful substances in rice husk combustion. Trade-off relationship between economic value of energy, environmental impact, and the economic value of rice husk charcoal was observed in variations of the integrated result. It was clarified that the comprehensive evaluation method contributed to achieve high economic value of energy, low environmental impact, and high economic value of RHC simultaneously. 
Introduction
About 1.8 million t/year of rice husk is produced in . Rice husk is separated after drying and husking of rice production process as a by-product. Rice husk is expected as alternative energy resources for grain drying and green house heating in the agricultural sectors, because about 40% of produced rice husk is unused 2) , and moisture content of rice husk is very low after the drying process of rice. In addition, rice husk is expected for not only as energy resource but also production of Rice Husk Charcoal (RHC) for soil amendments 3) . Effective rice husk combustion system promotes the formation of energy recycling system in rural areas. . Therefore, amount of crystalline Si in air should be regulated for occupational health 7) . RHC is produced as effective soil amendments by rice husk combustion, when the combustion temperature is below 800 °C 8) . Therefore, the recent trend of R&D for rice husk combustion has to avoid for perfect combustion to improve the energy efficiency, that was mentioned in the 1970s.
Energy efficiency, amount of emitted hazardous substances, and effectiveness for soil amendment using RHC are influenced by the temperature and fuel-air ratio of rice husk combustion. The past research dealt with the values of energy, "or" environmental impact of hazardous substances separately 9) 10) . However, the value of energy "and" environmental impact of hazardous substances should be considered as essential factors simultaneously to evaluate rice husk combustion comprehensively. On the other hand, it is necessary to maximize benefit obtained from the rice husk burner operation in these days. Furthermore, the economic value of RHC is also important for diffusion of the rice husk burner in rural areas.
Therefore, the objective of this research is to establish a comprehensive evaluation method considering three aspects of rice husk: economic value of energy, environmental impact, economic value of RHC. Conventional and comprehensive evaluation methods were also compared based on selected criteria (Fig. 1) . Furthermore, the research was designed to introduce the sustainable biomass recycling system in rural areas by controlling of rice husk combustion, effectively. 
Materials and Methods

Material
Higher value of IRcom shows superior evaluation of rice husk combustion.
Results and Discussion
Measurement results of combustion temperature, exhaust gas temperature, and concentration of exhaust gas are shown in Fig. 3 and listed in Table. 2. Material and energy flow of rice husk burner is shown in Fig. 4 increasing of rice husk supply (Fig. 5) . The energy was increased with increasing of rice husk supply. Burnt carbon index from rice husk was approximated and perfect combustion was found while combustion temperature was increased under enough air inflow (Fig. 6) . Hence, the energy efficiency became higher and approached a certain value while the rice husk supply was increased (Fig. 7) .
The economic value of energy is shown in Fig. 8 .
With increasing in rice husk supply, the economic value of energy was increased.
Environmental impact assessment by LIME2 is shown in Fig. 9 . CO2, that was produced from rice husk combustion was the most influential gas of global warming, and air pollution due to SO2 was the second influential components. SO2 produced from combustion was increased due to higher amount of rice husk supply while fuel-air ratio was lower. Hence, high environmental impact was found, while 20.3 kg-fuel/h of rice husk was supplied in combustion experiment.
The economic value of RHC is shown in Fig. 10 .
When the total amount of rice husk supply was increased, the crystallization of silicates in RHC was advanced. Then, the value of RHC was decreased by crystallization of silicates. 14.4 kg-fuel/h of rice husk supply indicated the highest value of economical efficiency in the experiment.
Trade-off relationship between the economic value of energy and the economic value of RHC was observed in variations of the integrated result noted as IRcom (Fig. 11) .
In this IRcom, 14.4 kg-fuel/h of rice husk supply indicated the highest value by large economic value of RHC (Fig. 11) . The comprehensive evaluation method showed versatile result compared with a conventional evaluation method. Thus, it was clarified that the comprehensive evaluation method contributed to achieve high economic value of energy, low environmental impact, and high economic value of RHC, simultaneously. This evaluation method showed that the rice husk burner can be introduced to the rural areas and the rice husk combustion can be controlled effectively according to the purpose of operator, agricultural production, and environment.
Conclusions
The comprehensive evaluation method considering economic value of energy, environmental impact, and economic value of RHC was proposed. The experiments were conducted to investigate the properties using rice husk combustion experiment. The following conclusions can be drawn:
1) CO2 was the most influential gas followed by SO2 for 2) When the total amount of rice husk supply was increased, the crystallization of silicates in RHC was advanced.
Then, the value of RHC was decreased by crystallization of silicates.
3) Trade-off relationship between economic value of energy and the economic value of RHC was observed in variations of the integrated result of IRcom. In the IRcom experiment, we found that 14.4 kg-fuel/h of rice husk supply was the highest value to ensure the large economic value of RHC.
4) The comprehensive evaluation method contributed to achieve high economic value of energy, low environmental impact, and high economic value of RHC simultaneously.
